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The comparitive static analysis of general equilibrium 
systems has gradually evolved from the early work of Slutsky and 
Hotelling in the comparitive statics analysis of consumer and producer 
systems respectively. It is of particular interest to our Department 
to examine general equilibrium systems to see what insights may be 
gained on the workings of labour markets. In an earlier paper in this 
series, Diewert [11] has examined some aspects of unionization on wages 
and employment. In this study some aspects of the implications of 
immigration are examined. 

This study was prepared by Larry Epstein, Research Economist 
with the Research Branch of the Department of Manpower and Immigration. 
The view expressed are solely those of the author, and do not necessarily 
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INTRODUCTION 2/ 

Immigration, in general, has many economic consequences for 
the receiving country, and attempts to analyse them abound in the literature. 
Most frequently examined in the literature are the effects on: the excess 
aggregate demand for domestic goods ({16] and [18]); the balance of payments 
([18]); per capita income ([21] and [23]); the distribitién of the national 
product ([21] and [23]); the stock of human capital (the so called 
"brain drain" controversy) (f{1], [15], and [26]); labour shortages 
(the advantages and disadvantages of meeting labour shortages by immigrant 
labour) ({22]). In this paper we concentrate on two aspects of the impact 
of immigration on the full-employment path of the economy of the host 
country: the effects of immigration on the real wage and per capital 
real income of the indigenous population and on the distribution of the 
national product. 

Under the generally valid assumption that immigrants bring with 
them less capital then is owned by the average indigenous resident, the 
qualitative results appear to be straightforward. As Mishan and Needleman 
state in [21], "... if one supposes that an immigrant increase of the 
population is a microcosm of the indigenous population, save in respect 
of ownership of capital, the qualitative results are obvious enough: 
an exogenous fall in the capital-labour ratio tends to have a regressive 


effect on the distribution of imcome, and, unless economics of scale are 
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sufficiently strong, tends to reduce wages and per capita real income." 
A good portion of this paper is concerned with dropping the assumption 
that the immigrant population "is a microcosm of the indigenous population." 
We show that when it is deleted the results cease to be so straightforward. 

For our analysis we adopt a general equilibrium framework 
similar to that employed by Diewert [11] in his analysis of the effects 
of unionization on wages and employment. The. comparative.statics. technique 
which we consequently adopt has the advantage over the simulation . 
technique used by Mishan and Needleman in their paper that it allows 
one, rather easily, to solve algebraically for the immigrant induced 
changes in the economy as functions of various basic parameters, such as 
elasticities of substitution in production and consumption, and immigrant 
characteristics, We work out expressions for the induced changes in 
wage rates, real wages, per capita real income and occasionally, for 
labour's share of the national income. 

The paper may be outlined as follows: In section I. we assume 
a one industry, two factor model, the factors called labour and capital. 
Allowing for a complete general equilibrium in the output market and in 
the two factor markets, assuming fixed factor supplies, and making the 
assumption referred to above, we derive the "obvious" results. 

The more interesting results follow when we further disaggregate 
the economy. In section, II. we assume a three factor model, capital and 
two types of labour. Once again, allowing for a complete general 
equilibrium in all markets, and assuming fixed factor supplies, we work 
out the induced changes in both wage rates and in the real wages of both 


types of workers. 
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Finally, in IIL, we divide the economy into two production 
sectors, reverting to two factors of production. Immigrant workers are 
not assumed to be dispersed between the sectors precisely as the indigenous 
workers. Neither do we assume that they have identical preferences for 
the two consumption goods. The labour supply decision is endogenized 
and we allow for labour and capital mobility between sectors. We show 
that some very "unexpected" results are possible. 

The many simplifying assumptions we have made will become clearer 
to the reader as he studies the models in each section. We note that many 
of them, such as the small numbers of goods and factors, the inelastic 
supply of capital, capital mobility between sectors, and the absence of 
foreign trade and the balance of payments problem, may be relaxed, but 
at the cost of introducing additional parameters into the model. (The 
increasing complexity of the models in sections I. through III. ‘illusttates 
the costs involved in introducing additional complications). 

In order to illustrate the formulae which we develop, we 
present some numerical examples in each section. They relate to the 
Canadian economy and immigration into Canada in the 1969-70 time period. °/ 
The reader is warned, however, about drawing any conclusions on the basis 
of the numbers we generate. Any conclusions depend upon the assumptions 


of our models, which may not be even approximately valid in reality. 
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Mimicing Diewert's description, we may describe our economy 
as follows: We assume that it consists of N consumer-workers, each wishing 
to maximize his consumption of good y. Each consumer-worker is capable 
of supplying capital services K and labour services L . By a convenient 
Shoice of units for y, K and Lb; we may assume that, during the time 
period under consideration, each consumer worker consumes one unit of y 
and supplies one unit of K and L. Also, we assume that all consumer- 
workers and producers behave competitively, ee: AS price, takers. 

We further assume that the technology involved in producing 
Y can be represented by means of a two factor constant returns to scale 
production Eonehions With the usual regularity, properties. By the 
Shephard Duality Theorem [10], technology may be represented equally 
well by means of the unit cost function C(r,w), where C(r,w) = minimum 
cost of producing one unit of y given wage rate w and rental rate on 
capital TT, 

Now by Shephard's Lemma [24], the firm's cost minimizing demand 
for a factor of production can be obtained by partially differentiating 
the PCs total cost function with respect to that factor's price. Thus 


the initial demand for labour can be obtained as 


WH 


oC(r ww). ¥ C (rw) OS bg C (rw) ene gts 
OW 


where the last equality follows from the fact that each consumer demands 
one unit of y and there are N consumers in our economy. Upon 
equating initial factor demands to initial factor supplies, we obtain 


the following system of equations: 
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(demand for labour) C (rw) * N-= N (supply) 

(demand for capital) C(r,W) *Ne=N (supply). 

Since we are in a general equilibrium context, only relative 
prices matter and this we are allowed one price normalization. We set 


r=1. (Note that under this normalization w = wN , the economy's 
rN 


labour-capital ratio). Using the normalization Yr = 1, sefting s«' 
w equal to the economy's initial labour-capital ratio and using 
equations I.1, we find that the first order partial derivatives of the 
cost function are given by: 

C (1) = cw) Sai 
In the ensuing discussion, we will want to express the second order 
partial derivatives of the unit cost functions in terms of elasticities 
of substitution. Let us shift for a moment from a unit cost function 
defined over two factor prices to a total cost function defined over 
CllpurvandiN tector prices, 1.¢., consider C(ysPyo+++sPy) » the 
minimum cost of producing output y , given input prices Deu. 
Thenif the cost function is twice differentiable with respect to input 


prices, the partial elasticity of substitution (Allen [ 1, Uzawa[ J) 


between inputs i and j can be defined as: 
C(V3Pyo+++sPy) C..(V5Py>-++ Py) 
Ci (Y5Py>-+ + »Py) MM sa) 


9g WYP yo ++ +P = els 


(Of course C;(Y3Pys+++>Py) ; CPOO Dis es By) and ef A) i Cae 


denote the partial derivatives OC (Y5Pyo-+ +o Pyd L0G (YsPy>-- +2 Px) 
Op : oR, 


and “Be (Y3Py>-+-->»Py) respectively). 
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Equation I.3 may be used to express we in terms of aT (and 


C;, as C) for i#j. For i=j, we may use the following eorieke 
N 
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Returning to our two factor model, let o be the initial elasticity 
of substitution between labour and capital. Using the appropriate version 
of I.3 and I.4 along with 1.2, we obtain the following expressions for 
the second order partial derivatives of our unit cost function: 


-w 0 


= 2 oO ¢. a = = as s 
CClw ees C(t sw) = = » and CCW) = 


I+w w(l+w) l+w 


We now disturb the initial equilibrium defined by equations 


Iul, by introducing an additional I consumer-workers into the easenee vl 
| They are each capable of supplying ''a" units of labour and "k" units 
of capital services during the time period under consideration. In 


general, a new equilibrium (relative) wage w will be established as 
a result of this influx. If we denote by D(w) the total demand for 
consumption of good y , at wage rate w, , then the new equilibrium 


position is described by: 


6 (demand for labour) C (1,w) - D(w) = N + al (supply) 

(demand for capital) C,.(1,W) - D(w) = N + kI (supply). 
| This is a system of 2 simultaneous equations in one--unknown, »w. 
However, by Walras' Law (ie., because of the fact that consumer-workers 


| spend all of their labour and capital income on y) the equations.are: 


dependent and: equivalent to the single equation: 
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Our goal is to determine the change in the wage rate w which 
has been induced by immigration. Our basic strategy is to totally differentiate 


equation I.7 with respect to w and I, and then to evaluate the partial 


derivative ow at the initial equilibrium position where w= w and I = 0. 


or 
Upon doing this and using I.5, we obtain the following: 
1.8 dw , dt [k-a) - °/ 
W N \o 


Equation 1.8 describes the percent change in the wage rate due 
to a (small relative) influx of immigrants. It is the "obvious" result 
to which we have referred in the introduction. Wages will increase 
(relative to rentals) only if immigrants supply more capital than 
labour in the units which have been defined; that is, wages will increase 
or decrease according as the capital-labour ratio of immigrants is greater 
than or less than the ratio of the indigenous population. The usual case 


af The larger the elasticity 


10/ 


where k-a < 0 , will result in dw < 0 
of substitution, the smaller is this regressive effect. 
We now turn to the induced change in the real income of an 
indigenous worker. We assume that the preferences of each indigenous 
consumer-worker can be expressed by a utility function U = U(y) , where 
U is a non-negative, nondecreasing, linear homogeneous function. 
Under our competitive assumptions, the price of a good is 


equal to its unit cost, so that we have: 


9 Drace.of one.unit oT 'y =p OC wy. 
At the initial equilibrium position, w = w , and 
C(1,w) = C,.(1,W) . wC, (1, W) = l+w. 


Therefore, the initial price, p , is given by: 


no p = ltw. 
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Now, by appropriately defining the units in which we measure 
utility, we may assume that the indirect utility function, u(w) , which 
expresses the consumer-worker's utility level as a function of wages, 
is simply equal to the number of units of y which the consumer-worker 


can afford to buy at wage rate w ; that is, we have: 


u(w) = income = l+w a 
price of y Ci Ww) 


Totally differentiating I.11 and evaluating the derivative at 


the initial position, we find that ou _0 . This is consistent with 


oT 
the fact that at the initial equilibrium position, I = 0. , and welfare 
is at a globel maximum. Thus calculus techniques will not help us to 
determine the change in real per capita income.*+/ 
If we consider a worker who has no capital services to offer, 


then his total income is equal to w and so his indirect utility function 


is given by: 


x W 
Boe PC Cri). 
We find that du_ dw: 1 ,» and so his real wage will also fall if 
a sow 1+w 


his 'money" wage tits 


Lastly, we consider labour's share of the national income. 


Let us define S(I) by: 


_ (Ntal) w 
S{l) = ty ae ED 


Then, if S = Nw w , labour's initial share, we find that: 
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Even if immigration has a regressive effect, labour's share of the national 
income will increase if o > 1 
Numerical Example 

We take the initial equilibrium position to be that which 
approximates the position of the Canadian economy during the 1969 
calendar year. This equilibrium is then perturbed by immigration 
during 19/0. 

We take N to be the average size of the Canadian labour 
force during 1969, approximately 8,162,000 people ([8 ]), and I to 
be the total number of immigrants in 1970 destined to the labour force, 
about 77,723, as indicated in Immigration Statistics 1970 oti so ence 
we are using labour force populations, we can, by assuming the same 
distribution of hours worked for the indigenous and immigrant working 
forces, set a= l. 

Estimates of capital resources pose a greater problem. We 
use the Hood and Scott [13] estimate of the capital-output ratio for 
Canada for the year 1955, which was 2.4. Therefore, using a GiNeF: 
figure of 78,560 million dollars for 1969, we compute capital stock per 
labour force member to be 2.31 x 107 . Immigrants in 1970 declared total 


savings of about 304 million dollars upon assuming immigrants status, so 


that we (very crudely) estimate capital holdings per immigrant labour 


force member by 3.9 x igre TRUS; 94 Hoo ek Loe = eS 


yA 10° 


Using 1.6 therefore, we find that: 


a» st (25) 
= N \o 


witieqiat vf tenga Bb) 


Ute? ne lhens? nit? 20 oki 8 4,eq~en) OPA of G- Bas OF 


eee a Lal Ohe® GL StaMe Cyeqs  .2Agt ands 


1 i 4 i ‘ : A “rce A : i é Tea ludur 
‘ ts ral ike @ + hates a¢ s¢ eat Tu 
_— 
= . j i vi sy; Mwithtil jaliew bd] 
j ; 1 aH tit , 
(S 
oe 
| 
9 j / 
, 
4 
1a 


sip = 


Thus, our simple model and the crude numerical estimates we have made, 
indicate that immigration results in a downward pressure on relative 
wage rates. Assuming in turn that o%= 3, 1, and 13, and using the 


fact that =.95%, we find that 


=a 


-1.6%, - .79%, - .53%. 


ate 


The induced percent change in the real wage of a consumer- 
worker having no income from capital may now be calculated using 


equation I.12. We estimate w, the ratio of labour income to capital 


income in Canada in 1969, to be a coe Thus, the changes in the real 


wage corresponding to the above changes in money wages are given by: 
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The model in I. assumed that immigrant and native workers 
provide the same "'type'' of labour; ige., that the immigrant and indigenous 
labour forces have identical occupational and skill compositions. This is 
generally not the case, and so we now alter our model so as to reflect 
the effect of the different compositions of the two labour forces. 

We assume a three factor model, capital K , and two types 
of labour L, and L,. The economy consists of N consumer-workers, 
each wishing to maximize his consumption of good y. Each consumer-worker 
is capable of providing 1 unit of capital services K. However, oN of 
them (type 1 workers) supply 1 unit of L, per period, :and:(l-o)N of them 


1 


(type 2 workers) supply 1 unit of L, per period, where *Q<q<l) The units of 


measurement for K, L,, and L., are.thus defined) imp licitiv. Vine vniteor 


ipe 
measurement for y is defined by assuming that the total consumption of 


¥, alixing the period under consideration, @s equal io, Ni Aso, yall 


consumer-workers and producers are price takers. 


The technology involved in producing y is represented by 


means of a three factor constant returns to scale production function, 


157 


with the usual regularity properties. Applying the Shephard Duality 


theorem we derive the unit cost function C(r, Wy Wo); where Wy and 


w, are the wage rates for type 1 and type 2 workers respectively, and 


ps 


r is the rental rate on capital. Using Shephard's Lemma as in the 
first section, we may describe the economy's initial equilibrium position 
by the following equations: 
(demand for Lj) Gy, Fay eto) - N = oN (supply) 
(demand for L,) Gy FMW) - N = (1l-a)N (supply) 


(demand for capital) C. (V7, W)5W5) “Nes fh (supply) . 
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Making the normalization r= 1, and setting W, and W, equal 
to the initial relative wage rates, we deduce that the first order partial 
derivatives of the cost function are given by: 

Cy, Lay 089) an ee Gig aoe = Jen be C,.(1,W, 5W5) Ei be 

In order to find the second order partials of the cost function 
we use II.2 and the appropriate versions of I.3 and I.4. Letting 0. be 
the initial elasticity of substitution between capital and L,, 1 = 1,2, 
and letting T19 denote the initial elasticity of substitution between 


the two types of labour, we derive the following expressions for the 


second order partials: 


ow? a(l-a)o,, et ao, 
Cy ow (1,w, wo) Slr ane a omens C (1, Wo} cathe 7 ae ree aaa 
2 1taw, +(1-o)w., Las l+ow +(1-a)w, 
Peeks (1-a)o,, Oe al (1-a)w,o, +0, 1 
fey ie) ee I OS ec ee eee dars ais 
2 ltow, +(1-a)w, dass w, [l+aw, +(1-a)w.] 


| Sheen fe Cl-a)}law,o,,t0,1 «© Cine 
Cw a oN) ae ee ee i = 
2 wl ltow,+(1-a)w.] ltow, +(1-a)w., 


_ Cow, 0, + (1-a)w.0,] 


The initial equilibrium defined by equations II.1 is disturbed 
by the influx of an additional I consumer-workers into the economy, 
among them aI type 1 workers and (l-a)I type 2 workers. In all, they 
supply kI units of capital services. The new equilibrium equations are: 
fasmana for LJ oF C1,w,.W,) . D(w),w,) = QNtal > (supply) 
(demand for L,) dads bal ; D(w, Ww.) =.(l-a)N+(l-a)I (Supply 


(demand for K) C)(1,w,,w,) - D(w,,w,) = N+kI (supply), 


where D(w,,W.) is the aggregate demand for the consumption of y when 


wage rates Wy and w, prevail. By Walras' Law these equations are 


dependent and so are equivalent to the following system: 


2 - j @ 
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aNt+al 


ssehhaail lals 
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Ruane aNt+al 
C.(1,w,,w,) N+kI 


In order to determine the changes in Wy and Ww, induced by 


immigration, we totally differentiaté equations II.5 with respect to Wy> 


w, and tI, and calculate the partial derivatives we and 4) evaluated 
I 


31 3 
at the initial equilibrium situation. Using equations II.2 and I1.3, we 


obtain the following pair of equations: 


dw, (1-2) E01, (ow, +(1-a)w,)-9, | + dw, 


W 


: 2 


(1-0) [ 917 (Wy + (1-2) W)}+0,) = 


dl (a-o) | [1tow, +(1-a) WJ 
N a 
aie [- (1-01) W045-0; Cl+aw,) 1 + dw a [(1-0)W,(0,5-05)] = 


=1 
=i 


1 2 
ae - Ka tea +10) 3 
N a 


Denote by |A| the matrix of coefficients of this system. The 
determinant of A, |A| is:given by 


[al = [9,9,,+0, , (Ow, 9, + (1-0) 95) J (itaw, + (1-a)w,)a(1-a). 


Assuming that [A| #0, we solve the system and arrive at the following: 


dw aa A eda agar 


‘ fue ). (a-a} (1-0), (04-04) 
fe 05 po NO) a "aE 0195404 5 (aw, + (1-0) wo) 
dw. : Se ig ee a (" Fm l-a z (a-a) aw, (9-9, 5) 

W. N 6,9,+0,, (w,0,+(1-a)w,9,) 1-of a(1-0) 9,+0,,(aw,+(1-0)w 
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The change in w, is due to a change in the capital-type 1 


1 


labour ratio, captured by the (k-a) term, and a change in the type l 


oF ~ 
labour-type 2 labour ratio, captured by the term foeG) eo ageio! 


a(1-a) o,+0,,(aw,+(1-a)w,) 
The direction of the effect of these terms on the wage rate is determined 
0,+0,, (ow, +(1-a)w.) 


05 0,10, 5 (aw, 5, +(1-a)w.9,) 


by. the Sion of the factor F, F = 


The straight forward results of section I. do not extend to 
our new model. For example, if F iS positive (which is the ¢asé if ali 
of the elasticities of substitution are non-negative, and at most one 


is equal to zero), we could have the following: Wy will be induced to 


fall if immigrants bring with them proportionately little capital, i.e. 
k-a < 0. On the other hand, a disproportionately large immigrant 


Q 


suppiy Of type 2 labour, 1.G.,08 «70,) wit) anduce w, to Tiusey in 


Sorta > 0. The direction of the net change in w, will 


0,40, , (aw, +(1-a)w 


>) 
depend upon the relative intensities of these two effects, with an increase 
Ce Pee 


in Wy quite possible. Indeed, if we also have 
J, +0, 5 (aw, +(1-o)w.) 


it is quite conceivable that Wo could also rise, and this even though 


type 2 labour is proportionately the most abundant resource among immigrants. 


Of course, corresponding statements may be made with w, replaced by w 


1 ZF 
Suppose that F is negative. (It is not at all inconsistent with 

empirical studies that exactly one of the 05 i = 1,2,,, be negative. 

For example, when type 1 and type 2 workers correspond to "blue collar" 


and "white collar'' workers respectively, Berndt and Christensen [ 3 ] have 
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presented some evidence for this. In [4] they have proven that if Oy» 
say, is positive, and 5 negative, and if the two types of labour are 
not perfect substitutes, then they may not be aggregated consistently into 
an aggregate labour input L. The possibility of such an aggregation was 
a basic implicit assumption made in I. Therefore the "surprising" 

result described below is surprising only if we do not keep this in 

mind). Then it is possible that both wage rates may rise, even if the 
immigrant labour force is identical to the indigenous work force, in the 
sense that asada , and even though k < l. 


The change in the average wage Wie = aw, +(1-a)w., is 


given by: 


dW = dl oe ee ea 
wW ow, + (1-01) w 
+ av 


2 
(°0%9*%12 (aw, o,+ (Iea)iin0,)] 


aC =o) 


Re C-aniig{k-1=2 ) fo,+0,, (owt (1-0) )] + . (a-a) ow, (l-a)w, Co poet 


aw, + (1-a)w. aw, + (1-0)w., 


Compare for a moment equations I.8 and II.8. We have shown that because 
of the distinct compositions of the immigrant and native work forces, the 
model in this section indicates that the average wage may rise even if 
immigrants posess relatively little capital. Disregarding these distinct 
' compositions, the models in I. and II. still yield qualitatively different 
TesuL ts, fee of aggregation errors in I. 

Turning to the real income of each type of indigenous consumer- 
worker, we may proceed as in I. The indirect utility function of each type 


of worker, assumed to possess one unit of capital services, is given by: 
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We find that: 
'T.10 du, = (CH, daw, - ari Dai] (1-a) 


yee 


2 (1+w,) (1+ow,+ (1-0)w,) 


: uy 

du, see l+w, du, 
rs l-a ~ - 
u, l+w., By 


Hence the real income of a type 1 or type 2 worker may rise 
even though his wage may fall. However, if the real income of a type 1 
worker, say increases, the type 2 worker experiences a fall in his real 
income. The two Changes moreover are such that the average real income, 
au,+(1-a)u., does not change, Pet d(ou, +(1-a)u,) = 0, consistent with 
the economy being initially at a global welfare maximun. 

As in I. it is now possible to work out the change in real wages 
and in each factor's share of the national product. 
Numerical Example 

As in the previous numerical example, we consider the 1969-70 
period. Type 2 workers are those in the managerial or professional and 
technical occupation groups, as defined in the Labour Force Survey. The 
remainder of the labour force constitute workers of type: 1. Wescad] 
type 2 and type 1 workers "professionals" and "nonprofessionals" 
respectively. 

Labour Force Survey data indicate that in 1969 about 23% of 
employed workers were "professionals". Since unemployment was lower 
among "professional" workers than among “nonprofessionals", we estimate 


that a = .80, lax = .20.1°/ 
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In [6] we find the average earnings, by occupation, of the 1967” 
labour force, Though in this study earnings are defined to include 
somewhat more than labour income, we use these figures as a basis for 
estimating the distribution of labour income between the two types of 
workers. Assuming an approximately uniform change in wage rates for 


all occupations from 1967 to 1969, we estimate that: 


aw, = .65 ; (1-a)w, Sea 
OW 5 + (1-o)w, OW + (1-a)w,, 


Now aw, + (1-0) w., is the ratio of labour income to capital 
ipa 


income. Based on data from [ 7] we estimate that aw, +(1-0) w, = 
We deduce that Wy = 3.25 and W, Paes 
The statistics on the intended occupations of immigrants in 


1970, as reported in [5 ], indicate that about 67% of immigrant workers 


were 'nonprofessionals" and 33% "professionals". Therefore, we have that 
a WAEeAL? on lease 2368s 1,65, and so a=py": = -.81 
a 80 0 —.20 ott 


Immigrants provide proportionately more "professional" labour than 


"nonprofessional" labour. 


As in Section I., we estimate that k = .17. Consequently, 


using equations II.7 and II.8 we find: 
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dw. dt aI i 40,5 ~1.48 = 2.1 (9, - a2) | % 
- N 
W 
D 0,0, + 012 (2.60, + 1.40.) oe 40,5 
and = [ wh 
dw oy aI 30, 1.250, - 3.80, |] 
We, N 0,9, + 012(2.60, + 1.40,) 


In Table IIl.1 we calculate the induced changes in wages and 


real incomes for each type of worker, under alternative hypotheses concerning 


the magnitudes of the elasticities. (We assume that dI = .95%.) A study»i, 
im Z 


by Berndt and Christensen [4] is the source of our hypotheses. Though 
their estimates are for the manufacturing sector in the United States only, 
for which they found time average values of about 8, 4 and -4 for Ol 


ct 
Oy and 0, respectively), we feel that it is not unreasonable to expect 
that the elasticities of the aggregate Canadian Production function lie 


somewhere in the range defined by the values used in the table. 


The figures in Table II.1 show that in all cases wages are 
depressed, with the effect on type 2 wages being larger, because of the 
relative abundance, among immigrant labour, of "professional labour". 

(If we fad grouped 'managers'' with type 1 workers, the difference between 
the effects on w, and w, would have been evem wore pronounced.) The 


1 2 


figures for dw indicate, on the whole, a larger drop then indicated 


W 
av 


by the model in I. This may be explained by the fact that all combinations 
of elasticities satisfy 0, > 0,. Thus, since {a-a) is negative, so 
‘te a(l-a) 


is the product (a~-o) (0,-9,); and so the relatively nonuniform distribution 
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table Lia 


THE INDUCED CHANGES IN THE WAGES AND REAL 
INCOMES OF ''PROFESSIONALS'' AND ''NONPROFESSIONALS'! 


OnNnnN PONS 
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is the elasticity of substitution between "professional"! 


"nonprofessional'" labour. 


is the elasticity of substitution between capital and 


"nonprofessional" labour. 


is the elasticity of substitution between capital and 


"orofessional" labour. 
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of immigrant labour has an added depressant effect on the average wage 
(see equation II.8). 

For the elasticity combinations (6,3,-4) and (8,3,-4), the expression 
0,9,+0,, (aw, 9, +(1-a)w.9,) assumes a very small positive value (see equations 
I.7), and as a result very large wage decreases are predicted. We note 
that for the elasticity values 5,3 and -4 for F499) and 0. respectively, 
the expression assumes a small negative value, and large wage increases 
are predicted. It is clear that more precise knowledge about the 
elasticities of substitution is required before we can be certain of the 
magnitude, and perhaps even the direction, of the effect on wages of 
immigration. 

Turning to real income, we see that the real income of "nonprofessionals" 
rises, while "professionals" experience a drop in real income. Of course, 
we have here assumed that all workers possess equal shares of capital. 

Under the more realistic assumption that more capital is concentrated 
among the generally wealthier "professionals", some combinations of 
elasticities will yield a decline in real income for "nonprofessionals" 
and consequently a rise in the real income of, "professionals". Thus, 
information on the distribution of capital holdings is required before 
we can determine even the qualitative effect of immigration on the real 


incomes of each group of workers. 
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The models in I. and II. assumed that the economy produced a 
Single aggregate good, thereby assuming implicitly that immigrant and native 
consumer-workers have identical consumption preferences. In order to allow 
for distinct consumption preferences we now consider a two sector model, 
each sector producing a consumption good. The differences between the 
immigrant and native work forces are further taken account of in as much 
as we do not assume that the two work forces are dispersed identically 
between the sectors. 

The analysis in this section differs further from that in the 
previous two sections in that the supply of labour is no longer assumed 
to be fixed. In an attempt to maximize his utility, the consumer-worker 
takes into account prevailing prices and wage rates before deciding upon 
the amount of labour that he will supply to each sector. 

Initially our economy has N _ consumer-workers in it, each 
holding one unit of capital services and one unit of labour services 
which he supplies to producers during the period under consideration. 
The units of measurement for y, and y, are defined by assuming that, 
initially, each consumer-worker is consuming one unit of y, and one unit 
of Y> per period. Also, we assume that all consumer-workers and producers 
are price takers. 

Let a be the proportion of labour initially employed in 
sector 1 (so that the amount of labour initially employed in sector 1 
2S GaN J, om let 8 be the proportion of capital initially employed 
im-sector I. 

The technology involved in producing yy and V5 is 


represented by two factor constant returns to scale production functions 
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with the usual regularity properties. We have unit cost functions 
ci (r,w,) and c* (r,w,) , where r is the rental rate on capital and 


Wy and w, are the wage rates for labour in sectors 1 and 2 respectively. 


Upon applying Shephard's Lemma and equating initial factor 
demands to initial factor supplies, normalizing by setting r = 1, and 


defining the initial (relative) wage rates w, and W5 , we derive the 


‘ 


following values for the first order partial derivatives of the unit cost 


functions: 
Lae il a _ 
ane ayes Gace Wadeee 
Ww 5 2 a =(y, w* »W.) - ™Pe 


Under our competitive assumptions, the price of a good is equal 


to its unit cost, so that we have: 

(Autrey a 

P, == 18) C1,w,) = aw, +8 
(initially) * 

ie C’C,w.) = (l-a)w, + (1-8). 


us 


Price of Yj 


Price of Y. 
The N consumer-workers in the economy are assumed to have 
identical preferences for the four "soods": The two production goods 
Yy and Yo > and the two leisure goods Le, and Le, en dae 
course, the amount of leisure of each type consumed by the consumer- 
workers, is related to the labour supplied to each sector L; , a ean 
by the equations Lej + ly = Hy ; i = 1,2, where Hz; is the maximum 
amount of labour which the consumer-worker is able to supply.to, the. th 
sector in the period under consideration). We assume that their preferences 
can be represented by a utility function Uly,,¥,,Le,,Le,) » where U 
is a non-negative, nondecreasing, concave laneardhondeenoous Peto 


and that they attempt to maximize U subject to their time and budget 


perrainted. The counterpart to the unit cost function in the 
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context of consumer theory is the consumer's unit expenditure function, 
€(P)»P52W1.W>) ,» which is defined to be the minimum expenditure 


necessary, at prices Py» Po» Wy and Ww, ror "the "goods ™ yo) Ley, Le, 


ee ae 
respectively, in order that a utility level of at least 1 be attained, 
i.e., in order that Uly1,¥7,Le,,Le,) calla ie 

The indirect utility function u(Wy,W5) may be derived from 
the unit expenditure function as follows: since the consumer-worker spends 
his entire income on consumption of the "goods'', we have that: 

: ? : s q ‘ i 

(expenditure) u € (Pp »Py»W, Wo) 1 + wyHy + woH, (income). 

Rearranging and substituting II1I.2, we find that: 


uw, Ww) a T+wi Hy + WH. 


1 2 
e(C C1,w,), € (1,w,), Wy oW5) 
By defining appropriately the units in which utility is measured, we may 
choose the following normalization: 
dis diye ikea ea sane ie Eas x (ng ~ 
e(C (1,w,),€ (1,W,) ,W, Wo) = 1+wjH, twoH,. 
Therefore, the initial level of utility u is equal to one. 


By applying Shephard's Lemma, we may determine each consumer- 


tf! 


worker's initial demand for ¥, as 9© (Py Pa 9Wy Wo) -u 


| dp 
where the last equality follows from our assumption that initially each 


e, (P} apa a ,Wo) 


consumer is consuming one unit of yj}. We deduce that 65D; By W194) ork 


Proceeding similarly to consider the initial demands for the remaining 
three ''goods", we derive the following initial values for the first order 
partial derivatives of the unit expenditure function: 

€, (Py »Pz Wy Wo) = 1 C5 (P; »P, Wy >>) eal 


€ (Py »Pp »Wy »Wo) j Hy -a ©4 (Py > P, >>) = H,-(1-a). 
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Denote by 0; ; »# = 1,2, . the elasticity Of substitution between 
capital and labour in the ith sector, and by a Ape Wee mse dt ee 
elasticity of substitution in consumption between the ith and jth "goods". 
The initial second order partial derivatives of both the unit cost 
functions and the unit expenditure function may now be expressed in terms 
of these elasticities and the remaining parameters, by using equations 
PLS lgviii.2, 4145 ‘andylii.6,; along: with the, appwoprrate versions’ of 
equations 1.3 and I.4. (In equations I.3 and I.4 replacing the cost function 
by the unit expenditure function, and the elasticities Paks by the 
elasticities ie » yields the appropriate version for the consumer side.) 
We shall not calculate these second order partial derivatives here, for 
most of the equations to follow will not be written in terms of the various 
elasticities of substitution. Rather, in order not torcomplicate further en 
already complicated set of equations, the equations will be expressed in 


terms of the second jorder partials Cie ,- wand ei 5 where we have 
adopted the obvious abbreviation in our notation. Keeping in mind that 
these second order partials are directly proportional to the appropriate 
elasticities, we may interpret the equations as we did in I. and IT. 

We now disturb the initial equilibrium by allowing an additional 
I consumer-workers to immigrate into the country. They each have a 
linear homogeneous utility function Vy s¥) and a corresponding unit 


expenditure function f() »p, pene 


Upon entry into the country, they supply 
Miemunies of Capital services, al. Units of Labour services to sector 
iy and®’(l=a)i* units of labour sérvices to sector 2, per period. 

If we denote by D* (wy >>) the aggregate demand for the ith 


production good, i= 1,2, then we may apply Shephard's Lemma to deduce 


the following: 
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Similarly price let D 


Liss see. and Pipes? denote 


the aggregate demand by native workers for Le, and Le., respectively, 


we have: 


N(I+w,H, +w,H., 


By i 2 
ites Ma 42) = e@, fC (1), :C (1,w.) »Wy Wo) > ; ; 
e(C (1,41) 5C”(1,w5) Wy Wp) 
Tee eles 
hastily, bet QQ and Q, be the amounts of goods 1 and 2 


that would be demanded by immigrants at the initially prevailing wages 


and prices. We define AQ, and AQ, as follows: 


Q. = ktaw,+(1-a)w. x AQ. 
is Neen eee ee aan EERE 
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tow, +t(1-o)w, l+ow, +(1-o)w, 


Since each indigenous consumer-worker initially consumes one unit of 


each good, the term sor pC represents the amount of each good 


ltow , +(1-a)w, 
that the immigrant consumer-worker would consume, at the initial wages 
and prices, if they had the same preferences. Thus AQ, is a measure 
of the difference between the consumption patterns of the immigrant and 
indigenous workers. Note that because immigrants spend all their income 
on consumption, we have that cng, +C?-AQ, = 0. 
We may now write the new factor equilibrium equations 


determined by our model. They are: 
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(demand for labour in sector 1) 
z 
Cw) p! (Wy ,W>) = NH, - Dy ory) + al (supply) 


(demand for labour in sector 2) 


2 2 
C (1 ,w.) el (Ww) >W) = NH, = gh ea tas + (l-a)I ~i¢supply) 
(demand for capital) 


1 2 2 
ch(I,w,) = 0 (wy >W) + CCW) « D (w)>W,) = N+ KI (supply). 


By Walras' Law these equations are dependent and so any two 
of them, say the first two, define a pair of simultaneous equations in 
the two unknowns Wy and Ws As in the preceding séctions, we totally 
differentiate the first two equations in III.10 with respect to Wis Wy 
and I, and evaluate at the initial conditions. After making use of 


equations III.1 and II1.2, and @quations II1I.5 through III.9, we arrive 


at the following pair of equations: 
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Denote by | A| the determinant of the matrix of coefficients 
Of this system. Note that |A| > 0 if 0 <@ <1, O96 = 41 and at 


least two of the elasticities of substitution o BUG” tee bass | melee oe eee 
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i # j, are positive, while the others are non-negative. We assume 


that |A| > 0, (though of course the equations may be solved if |A| < 0 


and the discussion to follow altered accordingly), and derive the following 


solutions: 
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The change in the wage rates is ae as a sum of three 
terms: te first reflecting the effect of the. difference betucen the 
capital holdings of the immigrant and indigenous workers; the second, the 
effect of the difference between the intersectoral distributions of 
immigrant labour and the indigenous work force; and the third, the effect 


of the different consumption patterns of the immigrant. 
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These results are what we would expect in that more immigrant 


Capital yields higher wage rates, i.e., the coefficients A and 


rt 
0, 


FF.” “are unanibi guously positive in Siegen’ ff Vate%q°eand AQ, = 


l the 


one sector model of section I. suffices. Product substitution and the 
endogenous labour supply decision may be taken account of in a numerical 


analysis by using larger elasticities of factor substitution in equation 


21/ 


Bi Ore However, the signs of the other coefficients are ambiguous. 


Thus, if the immigrant population: is not a microcosm of the indigenous 
population, a large degree of asymmetry in the economy, as indicated, for 
example, by large nonzero values for some of the terms in curly brackets 


in the expressions for F, and F,, might yield qualitatively different 


Z 3 


results from those described in I. We now consider briefly a few such 
"unexpected" possibilities. 


Suppose that the elasticity of substitution T19 between the 


goods Yi and Y> is much greater then the other elasticities of 
substitution in consumption, so that we may ignore for the moment all but 


the’ first two terms in the expressions for A Bo and Fo. rE sector 1 


Dis 


is capital intensive; 1.e€. if “B'> a5. then the si gniome A ois stnampi guous ly 


2 
negative, and the effect of a disproportionate influx of immigrant labour 
into sector 1, i.e, a-& > 0, will be to depress the wage rate in that 
sector. However, if sector 1 is labour intensive, and if T19 is 
sufficiently larger than or and O55 LOMLse possible thar a fm Wok < 1, 


and AQs = 0,” “and yet that dw, > 0 and dw 


’ > 7 0; that is, a dispropor- 
tionate influx of immigrant labour, possessing relatively little capital, 
into the labour intensive sector, may result in an increase in both 


wage rates. 
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This somewhat paradoxical result is similar to that derived 

by Diewert in [11] where he showed that it is conceivable that an easing 
of restrictions to entry into a unionized industry could lead to higher 
wages for union members. In an attempt to rationalize our result, we may 
adopt the scenario he used as follows: A disproportionate influx of 

mi erate into labour intensive sector 1 leads employers there to switch 
to more labour intensive techniques. At the same time they expand their 
scale of output, and lure both capital and labour away from sector 2, the 


latter by raising w, slightly. Under appropriate conditions this can 


1 
aL] 


creace a relative: scarcity, of labour in sector 2,1 and hence Ww. LLSES. 
Tit eomey oust up the price of Y> sufficiently so that the demand for 
the good falls, and the "“optomistic" behaviour on the part of producers 
in sector 1 is validated by the market. 

As another example, suppose that the dominant elasticity 
of substitution is that existing between the two leisure goods, i.e., suppose 
that there is a very large degree of substitution between the labour offered 
LOveach sector in response a changes in the wage rates in each sector. 
If there is a large influx of immigrant labour into the sector having the 
lower wage rate, i.e. if say a< oa and W, > Wo, and 1 TA is much 
larger than the other elasticities, it is conceivable that both wage 
rates increase, even though k <1 and AQ, = 0. This might be explained 
as follows: A disproportionate influx of immigrant labour into the low 
wage sector 2 and the influx of immigrant capital, (which may be thought 
of as instantaneously distributed between the sectors in the same 
proportion as the indigenous capital), may encourage employers in sector 


1 to raise the wage rate, but less than might be indicated by the initial 


change in the labour capital ratio in the sector.. Producers in sector 2 
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adopt more labour intensive eechiiques but also attract some capital from 
sector 1, thus validating the previous behaviour of employers there. Under 
appropriate conditions, the net effect may be to create a relative 
scarcity of labour in sector 2, thus causing W, to ee 
In our discussion till now we have concentrated on the effect 
of the different intersectoral distribution of immigrant labour. If we 
now allow immigrants to have different preferences, a not unreasonable 
assumpction at least for their first few years of residence, the direction 
of the effect which this shift in consumption will have on the average 


wage is determined by the sign of F If only elasticities of factor 


3° 


substitution are significant, F, has the same sign as the difference 


OW, 7 (J-a)w, ee wage bill it wage bill 
Ba (1-B)o on capital bill oO capital bili 
1 2 1 2 
sectoma SECLOr 2 
Even. if wage bill : wage bill 
capital bill ‘ capital bill » as might 


secton a sector 2 
be the case if we thoughtoofssector' las consisting of the: construction 
and real estate industries and of sector 2 as encompassing the rest of 
the economy, (in which case AQ, > 0 9 AS plausible) wit asustidy possibile 
that the elasticities of substitution are such that the net effect is to 


raise w labeg e ii ge. Oel eS Oy> which is also quite plausible, the net 


ay’ 2 


effect on wages need not be repressive. However, if the dominant 


elasticity is the elasticity of substitution between two leisure goods, 


then F, has the same sign as | wage ba | - | wage bill | 
capital bill capital bill 
sectomil sector 2 


Of course it’ is also possible that in equation J11.13, the 


terms involving (a-a) and AQ, may act to reinforce a shortage of 
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immigrant capital, thus resulting in a lawger drop in wages then would 
have been indicated by a one sector model. Numerically, this might be 
captured in the one sector model through use of a smaller elasticity of 
capital-labour substitution. 

Formulae for the changes in real wages for workers in each 
sector, in per capita real income and in labour's share of the national 
product may now be worked out precisely as in the previous sections. 
Consider briefly an "'average'' worker with no capital. His real wage, or 
indirect utility function wu, is given by: 


tae wih, + WH, 


1 2 
e[C (1,w,) »C (1,w.) oq »waJ 


We find that: H dw + afH H \ dw 
H,dw, + H,dw ee = ; 
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If initially consumer-workers are supplying equal amounts of labour to 
each sector relative to the maximum amounts they are capable of supplying, 


Wee. Le tl H, , then the "average'' worker will benefit in real 


terms only if the average wage rises. Otherwise, a fall in the average 
money wage is not necessarily inconsistent with a rise in the average 
real wage; for example, if initially more labour is supplied to sector 
2 than to sector 1 relative to the maximum potential supplies, and if 


Wy increases. 


Numerical Example 


We divide the economy into two sectors corresponding roughly 
to a union and nonunion sector, as done by Diewert in [11]. Sector 1 


is defined to consist of the following industries: construction, 
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manufagguring , transportation, public utilities, communications, government 
ente1yrises, mining and forestry. Sector 2 consists of agriculture, trade, 
finance, real estate, and services. We use Diewert's estimates that 


Ops tHe iBb= 
2 


ale 


Once again we consider the 1969-70 time period, estimate 


ko= 217 and ow, +(1-a)w, = 4. From [7] we estimate that: 

Ow wage bill in sector (1-0) w wage bill in sector 2 

PEE OE Sa, OE eae I 8 ede = .44 
a > oO} Ta ase (eis aca wes Or 

ow + (1-0) Ww, total wage bill aw, +(1-o)w., total wage bill 
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We deduce that Wy = 4.5 and W, 
It was more difficult to estimate the proportion of immigrant 
rapoure going into each sector. Using Statistics in the intended 
occupations of immigrants sa aha the occupation-industry matrix from 
the Labour Force Survey, April 1969, we find that ''a" and a did not 
differ significantly. Hence, we proceed on the assumption that a =a. 
Rather than postulating various combinations of values for 
all eight elasticities of substitution involved in the model, and 
computing the induced change in the wage rates for each such combination, 
we reduce our workload by ignoring all but one of the elasticities of 


substitution in consumption - that between the two production 


hl? 
goods. The other elasticities are probably small enough so that, with 
the existing degree of asymmetry between the two sectors, this 
simplification will not change our results by very much. (For example, 
union restrictions probably make Toy quite small.) Noting that the 


purpose of this numerical analysis is purely illustrative, we proceed, 


with total peace of mind, t6 present our simplified numerical example. 
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Using equations III.12 and III.13, together with the figures 
given above, the equations for the induced change in the wage rates due 


to immigration become: 


1 
dw, : a 5 ssl 


Wy N D 
1 
Ws N D 
w N 10 x D 
av 


Do 089050, + 375057) 5 + - 14600) 5. 


The. role sot AQ, may be clarified by the following table: 


TABLE, ELDyid 


AQ, Corresponding percent of immigrant income 
spent on good 1 (approximate figures) 


~4,2 0% 
ay 4.0% 
0 50% 
1 60% 
Pe 70% 
: Mee 100% 


The indigenous worker, of course, spends approximately equal portions 
5 He : 

of his income on the two goods. (Note that C = ce = 2.5). With the 

present definition of the two sectors it is difficult to say what a 


reasonable value for AQ, would be. In our calculations below, we try, 
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= 3604 


in} turn, AQ, sie1,0,+1. 
The results of our calculations, for different postulated 


D and tT and under the assumption that dI = .95%, 
N 
are shown in TABLE III.2. The figures indicate that the average wage 


values for 0490 12? 
will fall, though the wage rates in one of the sectors may rise slightly. 
Corresponding to the various assumptions we have made regarding the 
consumption pattern of immigrants, they define a much larger range of 
values for the change in wages than did the figures in Section. I., though 
a smaller range than indicated in TABLE II.1. Indeed, if we were to 
assume that AQ, = 2, then an appropriate combination of values for 

the elasticities would lead us to conclude that the average wage had 
been induced to rise. This emphasizes, once again, the fact that, in 
general, and even in the Canadian context, a one sector model may not 
enable us to draw correct qualitative, not to mention, quantitative, 
conclusions regarding the effects of immigration on wages. In the 
Canadian context, a different definition of the sectors, corresponding 
more closely to the immigrant's unique consumption pattern in the first 
few years, and to their (relatively) nonuniform (?) dispersion among 

the various industries, would perhaps alter significantly the estimates 
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TABLE III.2 - INDUCED CHANGES IN THE WAGE RATES IN 
THE "UNION" AND ''NONUNION' SECTORS 


0 5% 
0 5% 
0 2% 
0 2% 
1 8% 
1 1% 
sh 1% 
1 192% 
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*Th5 is the elasticity of substitution in consumption between "union" and 
"nonunion" goods. 


**o, is the capital-labour elasticity of substitution in the "union" sector. 


.~“*o. is the capital-labour elasticity of substitution in the "nonunion" sector. 
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FOOTNOTES 
1. I am indebted to Ken Scott of the Research Branch, Department of 
Manpower and Immigration, and to Erwin Diewert of the University of 
British Columbia, for suggesting the topic to me and for some helpful 
comments. 
@. This qualitative effect on the distribution of income is assumed 
throughout the literature. Mishan and Needleman, however, are the only 
ones to develop a mathematical model in order to ''derive' and quantify 
the result. The term "regressive" is used by them to describe a change 
in factor prices which see wages decline relative to the rental rate of 
capital. 
3. Most research in Canada into the economics of immigration has been 
concerned primarily with: explaining changes in migration flows; examining 
the economic (and social) adjustment patterns of immigrants, and estimating 
the monetary value of human capital brought into Canada by immigrants. 
Only recently is more attention being paid to the impact which immigration 
has on the welfare of Canadians. It is hoped that the models developed 
in this paper can contribute something to an analysis of this impact. 
4, The assumption of constant returns to scale in production may be 
dropped easily. If we assume that profits, like income from labour and 
capital, are spent on consumption of y, then the arguments given below 
may be adjusted to allow for variable nonincreasing returns to scale. 
Since available data do not permit reasonable estimates of the degree 
of nonhomogeneity of production in the Canadian economy, and since it 
was felt that the number of equations in the paper had already exceeded 


the optimum value, we do not deal with variable returns to scale. 
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5. If the underlying production function is linear homogeneous, the we 
have ClysPys-++sPy) =CCspy,---s Py) -¥ , where CU13Py5+++sPy) is the 
nee COSt Tunction, 

6. For a derivation of this formula see [9]. 

7. If immigrants and emigrants have similar characteristics, 'I' could 
refer to the net number of immigrants, and the model would describe the 
effects of net immigration. Otherwise, the effects of immigration alone, 
and of emigration alone, may be determined separately, (the latter by 
considering -I rather than I ), and the effects of net immigration 
derived as their sum. 

8. All empirical studies with which we are familar have found that o > 0, 
and so we assume this to be the case throughout our discussion. 

9.. In the case of a nonhomothetic production function, i.e., if there 

is a bias towards one of the factors upon expansion, this is no longer 
true. Rather wages will increase or decrease according as_ k-a-y > 0 

or k-a:y <0 , where y is a positive constant with magnitude greater 
than 1 or less than 1 according as there is a bias towards capital or 
labour, 

10. If we assume that a rise in relative wages will cause the consumer- 
worker to consume more of y , i.e., if the elasticity of substitution 
in consumption between y and leisure is greater than zero, then the 
effect of an elastic supply of labour would be to increase the "“effective'' 
elasticity in equation 1.8. A corresponding statement may be made on 
the effect of an elastic supply of capital. 

1d SAC tial ly at Cy (io W) <0 , or equivalently ifoz 0, then u 
will actually increase with a small influx of immigrants. This is a 


second order change, however, which we ignore. 
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12. We could, of course, consider a consumer-worker having any amount 

of capital, in the range 0 to N . We would find that those with a 
smaller than average share of capital (1 unit) benefit in real terms 

only if wages rise relative to rental rates, while those with a larger 
than average share benefit only if wages fall. If we have decreasing 
returns to scale in production, diseconomies of scale may alter these 
conclusions. 

13. We have no idea how close "declared" savings are to Noctual'! savings, 
nor are we certain that all immigrant savings are invested in physical 
capital. However, for illustrative purposes our estimate of k suffices. 
14. From [7] we estimate labour income for 1969 as the sum of wages, 
salaries and supplementary labour income (43,203) and military pay and 
allowances (898), and capital income for 1969 as the sume of net income 
received by farm operators from farm production (1,644), net income 

of non-farm unincorporated business including rent (4,410), and 

interest, dividents and miscellaneous investment income (4,961). 

15. The comments we made in l. regarding variable returns to scale also 
apply in this section. 

16. Our analysis assumes that native and immigrant labour will experience 
the same rate of unemployment. Thus... Wis, the-size of the total 

labour force and a and 1-a are the proportions of the total labour 
force in each occupational group. 

17. See footnote 14. 

18. If the utility function were homogeneous of degree a> 0O , Lt 
could be transformed into a linear homogeneous function which would 


equivalently represent the consumer worker's preferences. 
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19. Our consumer-workers are assumed to be solving the following utility 


maximization problem: max.” VEO Gy Vase) 
Dad pare lene 
Ypo¥oeby by 
Subject. to. thescondition that: Yip a 6) 
LL, ea) 
Ly < Hy A L. < H, (time constraint) 


PY] tPo¥2 < ltw Lb twoLk (budget constraint), 


Pelee 2 


where Ly and L, are the amounts of labour supplied to sectors 1 and 
2, and where U, satisfies, with respect to the variables YX hy 
and -L, , the conditions quoted above for U. Using the fact that 
Le; = H.-L, » 1 =1,2, the above problem is easily seen to transform 
to the new problem: max U(y;s¥>,Le,, Le.) 
Y1+¥o-he,, Le, 
subject to the conditions that: Y12Vp»Le,, Le, > 0 


Le, an eb Dey (time constraint) 


PyY 1 tPoY> + w Le, twoLe, < LtwH) +woH., 


(budget constraint). 
This the form in which the problem of utility maximization is considered 
in the text. We see that the leisure goods have prices equal to the 
wage rates, and that a generalized full income may be defined to be 
equal to 1+w,H)+woH,. 
20. The supply of immigrant labour is assumed to be inelastie-and so 
the leisure ''goods" do not enter into the immigrants utility function. 


An elastic supply would not change our first order approximations to the 


induced changes in wages. 
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21. This was noted by Mishan and Needleman in their paper. However, 
they did not consider the effects of deleting these assumptions. 


22. A necessary condition in order that W be induced to rise is that 


(k-1) (1-a)+(a-a) (a-8) > O. Similarly, Wy will rise only if 


(k-l)at+(a=a) (a-8) > 0. 


23. This can occur only if we have (w, -w.) (o-a) + (k-1) (aw, +(1-a)w,) 220% 
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